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(57) Abstract 



In the capture and display of three dimensional images, techniques are provided for controlling the amount of disparity between left 
and right images used to create a three dimensional representation to permit three dimensional perception which would otherwise be lost 
as dispartiy increased beyond psychological and physiological limits. Both mechanical (470) and electronic means (520) for controlling 
disparity are shown. Techniques are disclosed for creating three dimensional animations which utilize disparity control for adjusting the 
perceived depth of an object vis-a-vis a neutral plane. When zooming in on an object with a stereo camera pair, the shift is in focal length 
accompanying the zoom is accompanied by a simultaneous shift in disparity so that the stereo effect it not lost when a target object is very 
close, a moderate distance, or very far from the cameras. 
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CROSS REFERENCE TO RELATED A PPLICATIONS ; 

This is a Continuation-in-Part of Application Serial 
No. 08/339,156 which was filed November 10, 1994 by 
inventors Charles S. Palm and Raymond McLaine. 

This application is a continuation in part of 
5 application Serial No. 08/335,381 by the same inventors, 
filed November 3, 1994, titled METHOD AND APPARATUS FOR 
THE CREATION AND TRANSMISSION OF 3 -DIMENSIONAL IMAGES 
(Docket No. 2345-002), the contents of which are hereby 
incorporated by reference. 

10 This application is also related to application 

Serial No. 08/318,047, filed October 10, 1994, titled 
METHOD AND APPARATUS FOR INTERACTIVE IMAGE CORRELATION 
FOR THREE DIMENSIONAL IMAGE PRODUCTION (Docket No. 2345- 
001) the contents of which are hereby incorporated by 

15 reference. 

This application is also related to application 
Serial No. 08/327,471, filed October 21, 1994, titled 
METHODS AND APPARATUS FOR RAPIDLY RENDERING PHOTO- 
REALISTIC SURFACE ON 3 -DIMENSIONAL WIRE FRAMES 

20 AUTOMATICALLY (Docket No. 2345-003) the contents of which 
are hereby incorporated by reference. 
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measurement of the amount of displacement is called 
"disparity" . In the prior art when stereo images are 
made, the disparity for all subject matter visible in 
both images is fixed. In digital images, disparity can 
5 be measured in terms of the number of pixels an object is 
displaced in the right image relative to its position in 
the left image. Fixed focal length lenses are 
customarily used for the cameras 

In an object with zero disparity, the corresponding 

10 pixels for the left and right images are perfectly 
superimposed and the object appears to be located on the 
screen. Zero disparity objects are seen most clearly 
when the eyes are crossed just enough to focus on the 
plane of the screen. Negative disparity objects appear 

15 to come out of screen toward the viewer and are seen most 
clearly when the eyes are more crossed. Positive 
disparity objects appear to be more distant than the 
screen and are seen most clearly when the eyes are less 
crossed. 

20 The eyes cross or uncross in order to get similar 

image features on or near the fovea of each eye. The 
"farthest" object that can be seen in an anaglyph is 
limited by the observers ability to comfortably uncross 
the eyes. (The usual limit to distant viewing is set by 

25 the condition where the eyes look along parallel axes, 
but such "wall -eyed" condition is rarely comfortable to 
the observer.) 

In an anaglyph, the disparity for all objects is 
fixed and is measured in terms of pixels of displacement. 

3 0 When one "zooms -in" on a computer image to see more 
detail, the pixels get larger and the center-to-center 
spacing between pixels becomes larger. Therefore, 
constant disparity (measured in pixels) image components 
become physically farther apart on the screen. In order 

35 for the human visual system to fuse image components and 
produce the sensation of true stereo vision the eyes have 
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microscope and being unable to see close up features 
which do not lie directly in the focal plane. 

Also in the prior art, when capturing 3 -dimensional 
images on film, magnetic tape or the like, there is no 
5 way to visually monitor the combined impact of the 
separate images being captured. As a result there is no 
way of adjusting disparity or automatically tracking an 
object and adjusting disparity automatically. 

In the prior art, there is no way to control an 
10 image so as to position it either in front of or behind 
a neutral plane in a controllable fashion. This limits 
the ability to create 3-dimensional animations. 

Also in the prior art, there was no way to adjust 
the views of 3-dimensional images captured on a static 
15 medium, such as CD/ROM. 

In the prior art, when viewing stereo images, 
particularly for extended periods of time, viewers 
experience a certain amount of discomfort, such as eye 
strain and headaches. It would be desirable to minimize 
20 or eliminate such discomfort. 

In the process of zooming in upon an object using 
stereo cameras, to avoid a loss of stereo effect as 
disparity exceeds the limits of the human mind to fuse 
the two images together into a 3-dimensional view, in the 
25 prior art cameras were "toed in" toward the object being 
zoomed upon. The inventors have recognized that this 
produces certain undesirable results which should be 
avoided . 

When using cameras fixed as to separation and 
30 orientation, for scenes that are too far away there may 
be too little and for scenes too close there may be too 
much disparity leading to a loss of stereo effect. This, 
too, is undesirable. 

The prior art lacked the ability to zoom- in on 
35 portions of a scene when capturing the scene from one 
location. In order to zoom- in on a scene in the prior 
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upward vis-a-vis the other to fuse the corresponding 
points into a stereo image. 

Another advantage of the invention is that cameras 
can be maintained in a parallel orientation without 
5 undesirable vertical shift caused by "toe in" of two 
cameras in an attempt to compensate for exceeding the 
disparity limits tolerated by the human brain for fusing 
a stereo image. 

Another advantage of the invention has to do with 
10 preventing the loss of stereo effect when distances are 
so far that there is too little disparity for the stereo 
effect or are too close so that there is too much 
disparity for the stereo effect . 

These and other objects and advantages of the 
15 invention are achieved by providing methods and apparatus 
for viewing three dimensional images which shift one 
image view with respect to an other image view to control 
the amount of disparity between corresponding points of 
the two views and displays the image views so as to form 
20 a three dimensional image. The shifting of one image 
view with respect to another is accomplished by cropping 
two image planes at different ends by the amount of a 
desired disparity shift and then combining the cropped 
image planes to produce a three dimensional display. The 
25 shifting can also be accomplished by limiting the read 
out of certain addresses of each line of video memory 
image information using a shift register to receiving a 
line of image data and selecting which cell of the shift 
register is used for shifting the contents of the shift 
3 0 register to an output. 

The invention is also directed to apparatus for 
capturing and storing three dimensional images using a 
left camera and a right camera, each with a zoom lens. 
The zoom lenses are controlled so that each camera zooms 
35 substantially identical amounts when zooming is used. 
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one color plane of said first camera with one or more 
different color planes from said second camera; and by- 
displaying the combined color planes. 

The invention also contemplates a method of 
5 automatically adjusting an image parameter such as 
disparity during creation of a reproduction of a live 
scene by placing a small, highly reflective material on 
a target to be tracked, illuminating said highly 
reflective material, using the bright spot created by 
10 reflection from said highly reflective material for 
calculating target position and by adjusting said image 
parameter based on the calculated target position. The 
image parameter can also be focus or zoom. 

The invention is also directed to a method of moving 
15 the apparent position of an object represented as left 
and right images which together constitute a three 
dimensional image viewed by a viewer to make the object 
appear to move toward the viewer or recede away from the 
viewer by shifting the position of the left and right 
20 images to change the disparity between the left and right 
images to thereby cause the perceived relative positions 
of the object to move 

The invention also permits creating a three 
dimensional computer generated animation of an object by 
25 representing said object as a three dimensional wire 
frame, rendering a surface on said wireframe, creating 
two color perspective views of said rendered wireframe, 
separating each of said two color perspective views of 
said rendered wireframe into 3 color planes, combining 
3 0 one color plane from one of said views with two other 
color planes from the other view, storing the combined 
color planes as a three dimensional image, moving said 
object by modifying said wire frame; and repeating the 
steps for as many iterations as desired and then 
35 displaying sequentially each three dimensional images 
stored as a three dimensional animation. 
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drawings and description are to be regarded as 
illustrative in nature and not as restrictive. 



BRIBE PBSCRIPTION OP THE DRAWTWQS • 
5 Figure 1 is an illustration of disparity variations 

as a function of distance from the neutral plane. 

Figure 2 shows the cropping of two image planes to 
vary the amount of disparity. 

Figure 3 illustrates two cameras used for capturing 
10 3-dimensional images which are adjustable to control tow- 
in or horizontal displacement from each other. 

Figure 4 shows two cameras for capturing 3- 
dimensional images which have zoom lenses control 
simultaneously . 

15 Figure 5 shows disparity adjustment when displaying 

right and left static images from a storage medium. 

Figure 6 illustrates a disparity shifter which 
utilizes address displacement. 

Figure 7 illustrates another disparity shifter which 
20 utilizes a shift register output for selectable output 
tabs for controlling the cropping of images retrieved 
from storage. 

Figure 8 illustrates methods and apparatus for the 
capture and reproduction of 3 -dimensional images 
25 utilizing video cassette recorders. 

Figure 9 is a flow chart of how to make a three 
dimensional computer generated animation. 

Figure 10 is an illustration of how camera tilt 
produces vertical shift in points which would otherwise 
30 be at the same vertical position. 

Figure 11 illustrates the disparity problem 
resulting from points being different distances from an 
optical axis and how distance between cameras should be 
adjusted as a function of target distance in most 
35 situations and how disparity should be adjusted 
concurrently with a change in focal length. 
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in a loss of depth detail at far distances behind the 
neutral plane. 

The inventors have discovered that both of these 
problems can be overcome by allowing the user to control 
5 or adjust the amount of disparity between corresponding 
points on the two image planes. This principle is 
applicable to all stereo viewing systems and not just to 
those using color viewers. 

For example, if distance B shown at the bottom of 
10 Figure 1 represents the amount of disparity at a neutral 
plane, and if the amount of disparity shown at C was so 
great as to result in a loss of depth perception, depth 
perception can be restored by shifting image plane 110 
vis-a-vis image plane 110' so that the distance C between 
15 corresponding points is reduced to that of distance B, 
i.e. to a position on the neutral plane. 

Figure 2 shows at a high level how this may be done. 
Figure 2 illustrates two color video images 200L and 200R 
which were captured by left and right digital cameras, 
20 such as video cameras or digital still cameras. In 
creating three dimensional images, it is convenient to 
utilize, as set forth in the above patent application 
(Docket No. 2345-002) separation of left and right images 
into color planes as shown. Image 200L constitutes the 
25 red color plane from the left camera and 2 0 OR constitutes 
the blue and green color planes from the right camera. 
When combined, into a three color plane representation, 
three dimensional images are produced and are viewable 
using standard red-blue viewers. This particular 
3 0 technique preserves color information as indicated in the 
aforesaid co-pending application. As shown in Figure 2, 
the left and right views of point X are located 30 and 4 0 
pixels displaced from the left edge of the image as 
indicated. There is thus a 10 pixel disparity between 
35 the position of the left and right points. By shifting 
the color planes so that the image 200R is displaced 5 
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than the other by virtue of different settings of a zoom 
lens, image offsets would occur which would interfere 
with human perception of depth, and thus the stereoscopic 
effect would be lost. 
5 Figure 4 illustrates one mechanism for permitting 

zoom lenses to zoom in synchronism so that the integrity 
of the three dimensional resulting image is preserved. 
Cameras 400 and 400' are each equipped with zoom lenses 
410 and 410' , respectively. A cross member 420 engages 
10 both lenses 410 and 410' in such a way that motion 
imparted to one is also imparted to the other. Member 
420 is driven by either a rack-and-pinion driven arm 43 0 
or by a screw mechanism utilizing servo motor 44 0 with 
optional gearbox 450. Thus, when the arm 430 is 
15 displaced by the servo motor, zoom lenses 410 and 410' 
move in synchronism in and out depending on the direction 
of actuation. 

Individual stepping motors can be used to control 
the zooming of individual lenses. One lens is the 
20 master, the other the slave. A combination look up table 
tells the slave how many steps to move relative to the 
movement of the master. 

Figure 5 illustrates an arrangement for displaying 
three dimensional images which have been stored in 
25 storage such as a CD ROM. CD ROM player 500 serves left 
and right images of a stereo image pair. These are read 
into respective left and right image buffers 510 and 
510' . The images are stored and the image buffers 
accommodate full color images, typically in 24 -bit format 
30 with 8 bits of each format constituting, for example, 
red, green and blue image planes. Image buffers 510 and 
510' output their respective image planes to disparity 
shifter 520. Disparity shifter 520 is described in more 
detail hereinafter. Again, in keeping with the 
35 disclosure of the aforesaid co-pending patent 
application, the red image plane of the left image is 
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image planes to be shifted raise ' and ri * ht 

5 _ Figure 6 illustrates on r : 1 f a o t r of t0 d eaCh ° th ^ 

"tillable with the arran=.I ! d «parity shifter 

access memory 600 and 60o mother ^ 
storage Slo and sio- of ,„ 6 the actual i»»ge 

" separate video rams, once an i^T cone "tute 

"0, the data may he read ^ ^ " * each RAM 

"0. and «o. An address source " of' 61 °' 

V decoders. A register 6 7 n b ° th Che x and 

which indicates the amount ^T"^" " n " 

5 «>e image pians. Control o T^T" ' 

ahiftc» b saccomp 1 ish. db y:L t 1 h ; c r UnC ** ""^^ 
the variable -n" in reai r ^ V chan 9"g the value of 

adder « 0 respectively subtracted f* 6 ™"" 650 — 
the column addresses of the t L ! V " 1 " " n " «• 

' source 6 3 0 seguencee through eachlT"' ^ 

tanning and end ^ r^ed^hT i" 

shift^;^ .r^rr. f £ r. di — 

to a shift register and then the Pa " llel 
output port for use. as sh!L " Cl °° ked to an 

which output cell to tat t H " ' * "Acting 

the shift register's outnut tte " " hen shif ting 

effectively delete I ^ T^X^ "~ ™ ~ 
stream. since this Js P1 * els n- from the output 

will be truncated on the riaht „ ^« 
A value »„.. is „ rict ^ " 9hC en ° ln the -rsion shown, 
causes decoder 7,.'" « ">« value 

indicated. Activation of one of thos ° UCPU " 
one. and only one, of the and gates 7l, """" 
through 743 to permit data from the M " tnt " * s '« 

om the connected cell of the 
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shift register to pass through to or gate 750 where it is 
passed to the output terminal. To truncate pixels from 
the other end of the RAM 700, one would add a number of 
additional shift register cells to the right of the last 
5 cell currently shown and utilize the selection gates and 
procedures described with reference to Figure 7. In this 
alternative, a number of shifting clock pulses will be 
utilized equal to the number of cells in the shift 
register. Since there are more cells in the shift 
10 register than there are clock pulses, the last few cells 
from the left end of the shift register will not be read 
out to the output of or gate 750. The shift register is 
reset prior to loading in the next line of data from RAM 
700. 

15 Figure 8 illustrates another approach to producing 

three dimensional images. Analog video cameras 800 and 
800' record full color images of a scene on VCRs 810 and 
810', respectively. When played back, the output of one 
of the VCRs is fed to a red filter 820 which extracts red 

20 information, and the output of the other VCR is fed to 
filter 83 0 which extracts blue /green information. The 
output of filters 820 and 830 are optionally brightened 
and combined in a frequency combiner such as an adder, 
and passed to output terminal 850 . In the signal paths 

25 described thus far, there is no way for anyone to see the 
image in real time so as to determine the adequacy of the 
stereo production. Although a cameraman can view the 
scene being captured through the viewers of each of 
cameras 800 and 800', those views are two dimensional. 

3 0 By using a three dimensional image maker, such as that 
disclosed in the aforesaid co-pending application, the 
color signals from each of the analog video are converted 
into individual color planes and the red color plane from 
the left camera is combined with the green and blue color 

3 5 planes from the right camera to produce a three 
dimensional image suitable for display on color cathode 
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ray tubes 870. Mhen viewed t 

in real time the th™. j- . viewers, one can see 

camera pair £ dl ~ ±-9. Produced by the 

distance of an object oJ ~ ""essary to track the 
way of doing this is o ^aTa^aT ^ °*-™- ^ 
-terial. such as 3„ re«ect7ve JTe """"^ 

tracked. if chat t ° n the target to be 

» 3°urc.. a highly visible ^„ t Wlt " 3 "** 

in the captured image. on e can utili T " 1U aPPMr 
created by reflection for Z^Z'l ^ 

» of the ^is^r^rnt^ 1 ^^ 

identified, the address of th. , Pi * el is 

and utilised in a -iZZTj^t™** 
co-pending application (Docket No. 23«-o^ " 

P-ramete such as focus, ^ ^ * ~ 

rne presence of such a hrlnhc 
i~ge can be easily detect.* , P1Xel in the ""P" 
Processing t^.^^S^TT - * 
25 production suite. °n-l lne or in the post 

Figure 9 is a flow chart of a meth^ * 
three dimensional computer generated Crea " n9 
object. Pirst , che P ^""^ -nations of an 

dimensional wire frame , 9 oo, The" a " 3 

30 on the wire frame (.„„ The ! " ^ is "^ered 
-ews of said rendered wire ^m. ~ S^r^" 
the position of a first ,-.„,. created, one from 

position of a different I "** an ° ther froi » the 

airrerent camera (9io) p ar ,L 

view is separated into three all f *> ros P*ctive 

3S optionally, the disparity bef„«n the t " ' 915) " 

controlled so that the object ooL e * n be 

object pops out or moves behind 
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the neutral plane (920) . One color plane from one of the 
views is combined with two different color planes from 
the other view and the combined color pi ernes are stored 
as three dimensional images (930) . The wire frame 
5 representation of the three dimensional object is then 
moved as desired incrementally (935) and steps 905 
through 930 are repeated for as many iterations as 
desired (940) . Once sets of three dimensional images are 
created in this manner, they may be displayed 

10 sequentially in rapid succession as part of a three 
dimensional animation . 

Figure 10 illustrates a vertical shift which occurs 
when a view of an object is tilted with respect to the 
camera focal plane. Figure 10 shows a box ABCD and what 

15 happens when the planar surface of ABCD is viewed from an 
angle such as might occur when the camera focal plane is 
tilted with respect to the plane of the surface or, as 
illustrated, when the plane of the surface is tilted with 
respect to the focal plane. Tracing rays from points A 

20 and B through the focal point to the focal plane shows 
that the image of point B is closer to the center of the 
focal plane than the image of point A. Since side BD is 
farther away from the focal point than side AC, side BD 
appears smaller and size AC appears larger relatively. 

25 Thus points A and B which are the same height, appear to 
be different heights in the image plane. 

Figure 10 shows only one projection but if the same 
square were projected from two different cameras both 
toeing in toward the object ABCD, the effect would be 

3 0 even more pronounced because point B on one image would 
be lower and the same point on the other image would be 
higher, thus creating a vertical shift between the same 
point in the left and right views of the stereo image. 
As the eye tries to adjust to this vertical shift, eye 

35 strain often results. 
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- toe i„ to compena £ 7o" d ^ ^ there *• 
However, in accordance with the ^""^ 
" lose of stereo effect it i. / nven "°"- to avoid a 
aefauit setting that t be di.t«« ^. n " " <* 
a relatively fixed fraction of the ! * 
target. Preferably, the di!t. . d «tance to the 
oe approximately i/SO of tt T " een ~- 
- This can be accWlished * 

servo 345 of Figure 3 whi u llnkln » the operation of 
With an indicatio^ of di« a noeT tr ° 1S ^ 8aPa ""» 
a rangefinder or from 1^." ir^" 
rangefinder or autofocus circuit " " t ^ * 
0 selectively switching out Z coL , ' W - d * 
replacing it with a dually generic T 9,131 "* by 
relationship, the distance wif "be neitC too" 1 '" " 1/S<> 
too small so as to lose stereo effect » 9 " at 
desirable to arranoe th» „ effect - Further, it is 
' -stance appeal T t T B £Z ^ "° — 
illustrates that with the chln^in f^al disTT " ^ 
« a resulting change of scale *. * Stance, there 
aide of Figure u t„. ■ ShOWn ln the laft 

Point FX unTer t".' focal £Z " thr ° U9h ^ 

**aller than the image of l " £ ' " "J"* *° Which *■ 
which occupies an extent B a 9h f ° Cal P ° int F2 

increases as focal length of theT"^' ^ 
iine AB is centered on tL £L7 £TT „ M ~ 
camera, the center of the image of line » is , ^ 
point for both settings of focal l.„lf th<! ^ 

located at the center of m, 9 * namely ' it: ie 

center of the image plane. However 
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image of line AB through focal point Fl of the right 
camera and focal point F2 of the right camera are 
considerably displaced from the axis of the camera. 
Specifically, the image of point C through focal point F2 
5 of the right camera is off the focal plane as shown 
whereas image of point C through focal point Fl lies 
barely on the image plane of the right camera. In 
contrast, corresponding points on the left image plane 
are comfortably within in the bounds of the image plane. 

10 According to Applicant's invention, when changing 

focal distance, it is desirable to simultaneously change 
the disparity to maintain the target in the neutral 
plane. Thus, as zoom lenses of a pair of cameras are 
adjusted to simultaneously zoom in on an object at a 

15 given distance from the cameras, the disparity shift 
should be adjusted so that the target remains in the 
neutral plane. This can be accomplished, for example, by 
linking control of servo 345 which controls camera 
separation with servo 44 0 of Figure 4 which controls 

20 zooming by, for example, use of a look-up table. 

In this disclosure, there is shown and described 
only the preferred embodiment of the invention, but, as 
aforementioned, it is to be understood that the invention 
is capable of use in various other combinations and 

25 environments and is capable of changes or modifications 
within the scope of the inventive concepts as expressed 
herein. 
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WHAT IS CLAIMED IS; 

a left camera and a rmhh 
optical axes, 9 C3mera witl > parallel 

5 r rr d ^r:::jri^r w r - 

distance to a targeted object. faction of a 

adjustment. * ^ridden by manual 

o^^r — ^ iMal stereo 

a ^ e ^ t camera and a r-nrru«- 
parallel optical axet "d T™ eubst antially 
' identical room lenseT' * WiD9 aubstantlally 

neutral plane substantially constant. 3 ° f 

-jtzz cX:: s ::r three dim — > «— 

a left camera and a 
substantially parallel optical axe! /— ™ haVing 
identical zoom lenses- sub "antiall y 

5. A method of maintaining disparitv „f 
Pair of images within a range whi^H 3 StBn ° 

stereo effect without J^T ^ in^U & ^ °* 
vertical shift between corresooJ avoiding 

view and a right view o^TS^T*' * 3 ^ 

stereo pair, comprising: 
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maintaining the optical axes of a left camera and of 
a right camera substantially parallel, and 

adjusting disparity while adjusting distance to a 
target object to avoid loss of stereo effect. 



6 . Apparatus for viewing three dimensional images 
comprising: 

means for shifting one image view with respect to an 
other image view to control the amount of disparity 
between corresponding points from the two views and 

display means for displaying the one and the other 
image views so as to form a three dimensional image. 

7. The apparatus of claim 6 in which the means for 
shifting one image view with respect to another includes 
means for shifting one color plane of said one image view 
with respect to one or more color planes of said other 
image view; 

8. The apparatus of claim 7 in which the means for 
shifting one color plane with respect to one or more 
color planes comprises means for cropping two image 
planes at different ends by the amount of a desired 
disparity shift and means for combining the cropped 
image planes to produce a three dimensional display. 

9. The apparatus of claim 7 in which the means for 
shifting one color plane with respect to one or more 
color planes comprises means for limiting the read out of 
certain addresses of each line of image information of 
each color plane . 



10 . The apparatus of claim 7 in which the means for 
shifting one color plane with respect to one or more 
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color planes comprises a shift ~ • 

line of image data and m a Shlft ^«fr for receiving a 
the shift renter U ZT^J^ <* 
the shift register to an output * ^ COntentS ° f 

c^inr^ 8 CaPtUr±n9 th ~* ^ensional images 

a left camera and a rinHi- 
"on, lens; ^ Camera ' eac h camera having 

b. means for contro] l • 
«mera so that each lens t S ° C " n lenaes of ••<* 

amounts when ,00m, * 5^"*^ 

c etorin 3 iM3tt from the left ^ righc cMeras 

captured Z^l^;"^ 11 ^ ° f - 

b - - «~t --^T=r=£r 

one oamera with respect to anftn C ° ntr ° lled -t of 

^ co another; and 
c - means for atoHn^ 
second cameras. * Xma9eS froro the first and 

13 . The apparatus of claim ir> • 
movahly mounting the fir*! WhlCh the mea ** for 

-cond camera for controlled m""" l ~ t C ° th « 

controlling toe-in ^^^"'.^^ ' f « 
other. ° ne Camera wi th respect to the 

14. The apparatus of claim n < 
movably mounting the f irst Whl ° h the mean * for 

second camera for controlled ^ " WCt t0 the 

controlling horizontal of .set oT"" — 
to the other. ° f ° ne Camera »±th respect 
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15. In three dimensional camera arrangements, 
apparatus for zooming on a scene comprising; 

a. at least a left and a right camera, each camera 
having a zoom lens; 

b. means for controlling the zoom setting of each 
camera so that each zoom lens zooms the same amount; 

c. means for storing images from the left and right 
cameras . 

16. The apparatus for zooming of claim 15 in which 
the means for controlling the zoom setting of each camera 
comprises servomechanisms for adjusting a zoom lens of 
each camera simultaneously. 

17. The apparatus for zooming of claim 15 in which 
each zoom lens further comprises coding indications on 
an outer ring of the lens and said means for controlling 
the zoom setting uses said coding indications to 
determine the amount of zoom. 

18. The apparatus for zooming of claim 15 in which 
each zoom lens further comprises magnetic indications on 
the lens and said means for controlling the zoom setting 
uses said indications to determine the amount of zoom. 

19. The apparatus for zooming of claim 15 in which 
each zoom lens further comprises coding indications on 
an outer ring of the lens and said means for controlling 
the zoom setting uses said coding indications to 
determine the amount of zoom. 

20. Apparatus for producing three dimensional 
images captured using a left and a right video camera 
connected to respective left and right video recorders; 
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a. means for matching an i maae *™ 

0. neans for combing th " / tl0n ' "* 

21. The apparatus of claim ? n , L 
means for shifting information f *" ""^"i"* 

filtering „ ith respect T t ° o °* f ° r 

for filtering. UCPUt ° f the «her 

means 

storage medium, comprising: ° n a 

a. means for decomposing each nf 

=! ^t, ^ into r rr^r-r 

second digital image, and PlMeS ° f said 

c means for combining the shift.* - n 
said first digital image with said «h " te Plane ° f 
Produce a three dimensional Cge ^ PlaM * '° 

23 • A method of i-Ur*> 

di-nsional images being cap^TS' an" *" 
cameras to a storaw ■ lrst and second 

storage medium comprising- 

a. separating the output of p a rh 

planes; P each can «era into color 

b. combining one color plane of 

with one or more different color planes frl ^" """^ 
camera; and P es from sa id second 
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c. displaying the combined color planes. 

24. A method of automatically adjusting an image 
parameter during creation of a reproduction of a live 
scene , comprising : 

a. placing a small, highly reflective material on 
a target to be tracked; 

b. illuminating said hightly reflective material; 

c. using the bright spot created by reflection from 
said hightly reflective material for calculating target 
position; 

d. adjusting said image parameter based on the 
calculated target position; and 

e. using the image parameter to control apparatus 
for creating said reproduction. 

25. The method of claim 24 in which the image 
parameter is focus. 

26. The method of claim 24 in which the image 
parameter is disparity. 

27. The method of claim 24 in which the image 
parameter is zoom. 

28. A method of moving the apparent position of an 
object represented as left and right images which 
together constitute a three dimensional image viewed by 
a viewer to make the object appear to move toward the 
viewer or recede away from the viewer, comprising: 

a. shifting the position of the left and right 
images change the disparity to thereby cause the 
perceived relataive position of the object to move; and 

b. combining the shifted images to produce a three 
dimensional image . 
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29 - A method of creatine 

computer generated animation of „ oblecT din,enSional 

a- representing eaid object as a th °™* r " 1 »-« 
wire frame; onject as a three dimensional 

= ' =~?t rin9 3 SUr£aCe ° n «i«frame, 
rendered ZMZ^ ^ views of said 

d- separating each of eaid two cr>i„ 
-ewe of ^ wireframe - =»io P« = ti ve 

and ^ es * rom the other view; 

dimensions?^, . thS ^ as a three 

^ g. moving said object by modifying said wire frame.. 

iterations TZ.IZ*™" " thr ° U9h * *» " -V 

30. The method of claim 29 further e™,„ • 
step of displaying sequentially each "T*'"' th « 
image stored as one image of . .. dimensi °"al 
animation. three dimensional 

31. The method of claim 29 in whl „ h „. 

two color perspective views of said T creacin 9 

includes creating such views ln ? * " iref "« 

focal lengths utilized for ^ing «" «*« 

or making the views matched. 

32. A method of creating a three 
computer generated animation of an obieTt f^ 8 ^ 1 

a- representing eaid object as a ' C ^ s ^: 
wire frame; °°Ject as a three dimensional 

b. rendering a surface on said wireframe; 

c. creating one perspective views of 

wireframe containing only color inT "»dered 

my color information from one 
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color plane of three color planes used to represent all 
colors ; 

d. creating a second perspective view of said 
rendered wireframe containing color information from the 
remaining color planes ; 

e. combining a color information all three color 
planes ; and 

f. storing the combined color planes as a three 
dimensional image ; 

g. moving said object by modifying said wire frame; 

and 

h. repeating steps b through f for as many 
iterations as desired. 



33. The apparatus of claim 11 in which the means 
for controlling the zoom lenses of each camera 
includes : 

a. individual stepper motors for controlling the 
zoom of each zoom lens, one zoom lens serving as a 
master lens and the other serving as a slave lens; 

b. a look up table storing calibration data 
relating to at least one of the zoom lenses; and 

c. means setting the degree of zoom for the slave 
lens so it provides substantially the same amount of 
zoom as the master lens based upon the contents of said 
look up table. 
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